Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disease that primarily affects the axial skeleton. Clinically, it is characterised by inflammatory back pain and stiffness, with decreased spinal mobility, fatigue and limitations in physical function. 1 Accompanying extra-articular features may include uveitis, osteoporosis, inflammatory bowel disease, psoriasis, and cardiac, pulmonary and kidney involvement. 2 AS is associated with reductions in physical fitness, work productivity and healthrelated quality of life. [3] [4] [5] Physical activity (PA), including therapeutic exercise, is a key component in the management of AS. 6, 7 Exercise-based interventions have been shown to be effective in improving physical function, mobility, disease activity and quality of life outcomes. 8, 9 In addition to these AS-specific benefits, PA has been shown to reduce the risk of cardiovascular disease, obesity, some cancers, type 2 diabetes and osteoporosis in the general population. 10 It also improves musculoskeletal health and reduces symptoms of depression. Despite these benefits, individuals with AS tend to have poor compliance with exercise programs; 11, 12 the majority of adults with AS do not participate in regular exercise and may engage in less health-related PA than the general population. 5, 12, 13 Furthermore, exercise prescriptions have traditionally focused on flexibility and mobility. 8, 9 Without also including aerobic and resistance components, exercise programs may not elicit the potential health benefits of PA. 10 The promotion of PA to individuals with chronic conditions, such as AS, is a key challenge faced by healthcare professionals and policy makers. 7, [14] [15] [16] International guidelines recommend that adults obtain at least 150 minutes of moderate-intensity aerobic PA per week, in bouts of activity lasting at least 10 minutes (PA BOUTS ). 6, 15 Alternatively, weekly PA recommendations may be met by performing 75 minutes of vigorous-intensity PA, or by combining moderate-intensity and vigorous-intensity PA (MVPA).
In addition, strengthening exercises are recommended for all adults, while balance and coordination exercises are recommended for adults aged > 65 years. Awareness of these guidelines among individuals with rheumatic conditions is low, and the efficacy of population-based approaches to PA promotion in reaching individuals with AS is questionable. 17 'Brief intervention' is a term used to mean verbal advice, discussion, negotiation or encouragement, involving the provision of formal help and follow-up; this can vary from basic advice to a more extended, individually focused discussion. 16 National guidelines recommend brief interventions as effective methods with which to bring about health behaviour changes, including increasing PA. 16, 18 In sedentary adults, brief interventions have shown positive short-term and long-term benefits on self-reported PA. 19, 20 Although trials have delivered education and exercisebased interventions in AS cohorts, 8, 9 it is believed that no study, to date, has explored strategies to increase habitual PA among individuals with AS. Thus, the Increasing Physical Activity in Ankylosing Spondylitis (INPACT-AS) trial was devised. Therefore, the research questions for this parallel-group, randomised, controlled trial with concealed allocation, assessor blinding and intention-to-treat analysis were:
1. Does a 3-month behaviour change intervention targeting PA increase habitual PA in adults with AS? 2. Does the intervention improve health-related physical fitness, AS-related features, and attitude to exercise? 3. Are any gains maintained over a 3-month follow-up period?
Method

Design
This study was an assessor-blinded, parallel-group, randomised, controlled trial conducted between March 2015 and October 2015. Adults with a diagnosis of AS were randomly allocated either to individually tailored, semi-structured consultations to encourage PA (experimental group) or to usual care (control group)[ 2 1 _ T D $ D I F F ] , for a 3 month period. Eligible participants were randomised using a computer-generated list of random numbers that had been prepared using a blocked randomisation model by a researcher with no involvement in the trial. The allocation sequence was concealed in sequentially numbered, opaque, sealed envelopes. Following completion of baseline assessments, the lead researcher opened the appropriate envelope and assigned participants to their group. Outcomes were assessed at the end of the 3-month intervention period and 3 months later.
Participants, therapists and centres
Participants were recruited through the rheumatology outpatient clinics of St[ 2 2 _ T D $ D I F F ] . James's Hospital, Dublin, and through patient support groups. Adults between 18 and 64 years of age who had been diagnosed by a rheumatologist with AS were eligible for inclusion in the study if they were on stable pharmacological management and proficient in English. The exclusion criteria were: a concomitant cardiac, respiratory or neurological condition; a comorbidity that restricts PA; an acute lower limb injury; uncontrolled epilepsy; a cognitive impairment; pregnancy; inability to ambulate without a mobility aid; or a change in medication during the 6 weeks preceding trial commencement. Written, informed consent was obtained from each participant prior to involvement in the study.
Intervention
Participants in the experimental group engaged in a number of individually tailored consultations with a physiotherapist. The aim of these sessions was to motivate and support individuals to participate in PA, taking into account their needs, ambitions, preferences and available resources. This intervention incorporated the 'spirit' of motivational interviewing, and emphasised partnership and cooperation between the physiotherapist and the participant. 21 [ 2 _ T D $ D I F F ] Table 1 lists the specific behaviour change techniques used during the trial; 22 not all techniques were used for all participants. Initial consultations (lasting approximately 30 minutes) were semi-structured, although three common areas were addressed with each participant. The first area was education: participants were provided with an AS information booklet (www. ankylosing-spondylitis.ie/pdf/SUAS_info_booklet.pdf) and participants were made aware of PA guidelines. The second area was resources: participants were provided with information about community-based programs, hospital-based classes and online resources. The third area was goal setting: individual PA goals were established, and individualised action plans were devised. Potential barriers to goal attainment were identified and strategies to overcome these were discussed.
Follow-up sessions were arranged to review PA behaviour, monitor progress, review goals and provide support and encouragement. The frequency of follow-up sessions and the mode of follow-up (in person or telephone) were at the discretion of the participant. Weekly reminders of personal PA goals were sent to participants by mobile text message or email. If applicable, participants were granted access to a commercial platform a [ 3 _ T D $ D I F F ] to view individually tailored exercise programs. Participants in the control group were informed of their group allocation by phone, and advised to continue with their habitual PA and medical management. They were only contacted by a member of the research team to schedule appointments for reassessment. No restrictions were imposed on beginning new PA routines, and appointments with healthcare professionals continued as normal.
Outcomes
Assessments were performed at baseline (Month 0), at the conclusion of the intervention period (Month 3), and following a 3-month follow-up period (Month 6). All physical fitness testing took place in the same exercise laboratory; equipment was calibrated prior to each session. Two physiotherapists trained in administering the test protocol conducted outcome assessments. The assessors were blinded to participant group allocation, and participants were instructed not to divulge their group allocation. Participants were asked to refrain from smoking, eating or drinking for 4 hours, or engaging in strenuous exercise for 24 hours, prior to assessment sessions. Sociodemographic characteristics were ascertained at baseline. Participants were also asked about symptom duration, time since diagnosis and current medication usage.
Primary outcome: physical activity
Free-living habitual PA was measured using ActiGraph GT3X accelerometers b . The validity and reliability of GT3X accelerometers have previously been established. [23] [24] [25] Participants wore the small tri-axial accelerometer on their hip during waking hours over a 7-day period. The monitor was only removed for showering and swimming, and non-wear time was documented in a daily log. The collected data was post-processed in the relevant software c . Wear time validity was determined according to the algorithm described by Choi et al; 26 wear time 10 hours per day and 4 days (including 1 weekend day) were also specified as criteria for valid wear time. Output in 'counts' was converted to time spent at different PA intensities according to established cutpoints.
27,28
Secondary outcomes: physical fitness and anthropometry A comprehensive battery of measures was used to assess components of health-related physical fitness. Anthropometric measures included: barefoot standing height d , mass e , and waist and hip circumferences. 29 Body fat percentage was estimated by whole-body bio-impedance analysis e . 30 Spinal mobility was assessed by the Bath Ankylosing Spondylitis Metrology Index.
(BASMI). 31, 32 Thoracic mobility is underrepresented in the BASMI, so chest expansion was additionally measured circumferentially at the fourth intercostal level. 33 To assess cardiorespiratory fitness, participants undertook a multistage, submaximal exercise test on a treadmill. 34 After a 5-minute walking familiarisation period, participants began an incremental test following the modified Bruce protocol. 35 Breath-by-breath gas analysis and heart rate were recorded throughout f . The American College of Sports Medicine's metabolic equation was used to estimate VO 2max . 36 Finally, a push-up test and a curl-up test were completed according to the standardised American College of Sports Medicine procedures to measure muscular endurance; 36 the maximum number of consecutive repetitions performed without rest was recorded.
Secondary outcomes: clinical questionnaires
A number of commonly used questionnaires endorsed by the Assessment of SpondyloArthritis International Society were selfadministered; these have established reliability and validity. 33, 37 The Bath Ankylosing Spondylitis Global score (BAS-G) measured global well-being over the previous week and previous 6 months. 38 
[ 2 3 _ T D $ D I F F ]
Disease activity was measured on the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI). 37, 39 The Bath Ankylosing Spondylitis Functional Index (BASFI) assessed activities of daily living and functional ability. 40 Additional questionnaires, not part of the Assessment of SpondyloArthritis International Society core set, were also administered. The Ankylosing Spondylitis Quality of Life Questionnaire (ASQoL) was used to measure the impact of AS on healthrelated quality of life. 41 Each participant's rating of their ability to manage their condition was measured using the AS version of the Arthritis Self-efficacy Scale (ASES-AS); 42 a higher mean score on the eight-item scale indicated higher self-efficacy. Each participant's perception of exercise was assessed using a modified version of the Exercise Benefits and Barriers Scale (EBBS). 43 The modified EBBS included 29 'benefit' items and 13 'barrier' items, with possible total scores ranging from 42 to 168; higher scores indicated a more positive perception of exercise.
Data analysis
Statistical analyses were performed with commercial software g . As this study was exploratory in design, no formal sample size consideration was performed. Data were analysed using an intention-to-treat analysis. Missing data were imputed with the last-observation-carried-forward approach. For all analyses, p < 0.05 (two-tailed) was taken as statistically significant. Normality of distributions was assessed using the ShapiroWilk normality test, in addition to visual evaluation of histograms and normal Q-Q plots of residuals. Descriptive statistics were used to report participant characteristics at baseline. The main statistical analyses were performed using mixeddesign repeated measures analysis of variance (ANOVA). A series of 3 x 2 ANOVAs (time: baseline versus post-intervention versus follow-up; group: intervention versus control) with repeated measures on the first factor and Bonferroni correction for multiple comparisons were run to assess the effects of the intervention on each of the outcome variables separately. One-way repeated measures ANOVAs were run to compare within-group main effects at each time point. Effect sizes were classified as small, medium or large (partial h 2 < 0.01, < 0.06, < 0.14, respectively). 44 If the assumptions of ANOVA were violated, data were transformed (square root or log10 transformations). If data transformation did not address the violations of assumptions for ANOVAs, data were analysed using related-samples Friedman's Two-way Analysis of Variance by Ranks test; separate Wilcoxon Signed-rank tests were used to identify within-group differences, and Mann-Whitney U tests were used to assess between-group differences at each time point.
Results
Compliance with the study protocol Subsequent to protocol registration, costs associated with collection and processing of venous blood samples became prohibitively expensive. Consequently, inflammatory blood markers (C-reactive protein and erythrocyte sedimentation rate) were unavailable for the planned calculation of Ankylosing Spondylitis Disease Activity Scores.
Three participants were unable to attend the exercise laboratory for their post-intervention reassessment because of work commitments. One non-attendee from each group completed the selfreport questionnaires and wore the PA monitor for 1 week, returning these by post. Five participants (three from the intervention group and two from the control group) were unable to attend the exercise laboratory for their follow-up assessment (work commitments n = 2, emigrated n = 1, did not attend n = 1, not contactable n = 1). Two of these non-attendees (one from each group) completed the self-report questionnaires and wore the PA monitor for 1 week, and returned them by post. Analysis of which data were missing showed that the curl-up and push-up tests had the largest numbers of missing values across the three test sessions; participants were unwilling, or felt unable, to attempt these tests. In light of the high number of missing cases, a complete case analysis was deemed appropriate for these strength outcomes.
Flow of participants, therapists and centres through the study
Recruitment for the trial concluded in April 2015. The participant flow through the study is summarised in Figure 1 . A total of 44 potential volunteers were screened for inclusion in the study. Forty participants meeting the eligibility criteria were randomised to the intervention group (n = 20) and the control group (n = 20).
Baseline characteristics
The two groups of participants were similar with respect to baseline sociodemographic characteristics, symptom duration, time since diagnosis, condition-related features (Table 2) 
Engagement with intervention protocol
During the 3-month intervention, participants in the intervention group consulted with a physiotherapist a median of five times (IQR 4 to 5, range 2 to 6). Initial consultations were all in person. The median number of follow-up consultations was 4 (IQR 3 to 4), and 62% of these follow-up sessions were by phone (median 2, IQR 1 to 3). No adverse effects were reported as a consequence of the intervention.
Primary outcome: physical activity
There were large, statistically significant time-by-group effects for MVPA and PA BOUTS (Table 5 ). In the intervention group, there were statistically significant differences in MVPA and PA BOUTS between baseline and post-intervention (p = 0.027 and p = 0.011, respectively), and between baseline and follow-up (p = 0.029 and p = 0.009); this indicated a sustained increase in these variables over the follow-up period. In the control group, significant decreases in MVPA and PA BOUTS were observed between the baseline and 3-month follow-up (p = 0.026 and p = 0.013, respectively). The between-group comparisons for the changes in these outcomes were statistically significant, indicating an effect of the intervention (see the last three columns of Table 5 ). No significant differences in time spent sedentary or engaging in light PA were observed across time points, indicating that the intervention had no significant effect on sedentary behaviour. At the end of the follow-up phase there were significantly more participants in the intervention group meeting the PA guidelines than in the control group (intervention group = 14, control group = 3; Pearson Chisquared (1) = 12.379, p < 0.001). The experimental intervention significantly increased the likelihood of meeting the PA guidelines (RR 4.7, 95% CI 1.6 to 13.8).
Secondary outcome variables
Physical fitness
There was a moderate-to-large statistically significant time-bygroup interaction effect for the BASMI (Table 6 ). In the intervention group, there was a significant decrease in BASMI score between baseline and post-intervention (p < 0.0005), and baseline and follow-up (p < 0.0005). In the control group, there were no significant differences in BASMI scores. In both groups, significant differences in the push-up test across the three time points were observed. In the control group, there was also a statistically significant difference in cardiorespiratory test duration. Post-hoc analyses did not show significant differences in these outcomes when Bonferroni corrections were applied. There were no significant time-by-group interaction effects for other physical fitness outcomes.
[ • not contactable
Lost to follow-up
• did not attend (n = 1) 
Clinical questionnaires
In the intervention group, there was a statistically significant difference in the ASQoL score over time (Table 7) . Post hoc analyses, with Bonferroni corrections applied, showed a statistically significant decrease in the ASQoL score from baseline to postintervention (p = 0.007), and from baseline to follow-up (p = 0.008). This indicated that the intervention improved ASrelated quality of life. In the control group, there was also a statistically significant difference in the ASQoL, but post hoc analyses did not show significant differences in ASQoL score between time points when the Bonferroni correction was applied. There were no statistically significant time-by-group interaction effects for the other questionnaire outcomes.
Discussion
This randomised, controlled trial was the first to implement a behaviour change intervention targeting PA in an AS cohort. The results of this study demonstrated that an individually tailored brief intervention that targets PA increases habitual healthenhancing PA, and that this is sustained over a 3-month period. Brief intervention -as a strategy to increase PA -was well tolerated by individuals with AS who were able to moderate their chosen activities to match their personal abilities. After the intervention, 70% of the intervention group were adhering to the aerobic PA guidelines. This was significantly higher than the adherence rates in the control group, and higher than previously reported rates in AS cohorts 45 [ 4 _ T D $ D I F F ] and the general Irish population. 46 Results from this study suggest that for every two people with AS who received the intervention, one of them will meet the PA guidelines who otherwise would not have met them (95% CI 1 to 4). Secondary aims of the trial were to explore the effects of a PA behaviour change intervention on health-related physical fitness and on condition-related clinical outcomes. Importantly for individuals with AS, the brief intervention in this trial generated a moderate improvement in spinal mobility scores. This was achieved without implementing a specific flexibility program. Rather, participants selected exercises and activities that would help achieve their individual PA goals, which tended to be focused on functional tasks, aerobic exercise, or sporting activities. Other components of physical fitness (body composition, cardiorespiratory capacity and muscular fitness) did not significantly improve over the course of the study. The intervention targeted PA, and the dosage of exercise may not have been sufficient to generate physiological changes in these domains. The intervention showed benefits beyond PA and spinal mobility improvements; quality of life significantly improved from baseline to the end of the intervention, and this improvement was sustained at the 3-month follow-up.
Despite the numerous benefits of PA, compliance with exercise programs and participation in PA among individuals with AS are low. By incorporating this approach to PA promotion, this study was the first to demonstrate a significant, sustained positive effect on PA in adults with AS. Given the treatment effects of increased PA BOUTS , improved spinal mobility and enhanced quality of life, against a background of stable self-reported disease activity, brief intervention as an approach to the management of people with AS appears to be safe, practical and beneficial. The adaptable nature of the intervention and the flexible approach to follow-up sessions facilitated engagement with the intervention. Similarly, such a self-directed approach has been successfully used to promote PA in the general population 19 and among people with rheumatoid arthritis. 48 Brief interventions require fewer resources than more intensive interventions such as exercise classes, and can be readily replicated in primary care or hospital settings. Brief interventions targeting PA behaviour are an alternate treatment option for clinicians working with individuals with AS. Further clarification as to which behaviour change techniques generate the greatest effects and which, if any, are redundant, is 21 (12) 18 (10) 24 ( Some percentages do not sum to 100 due to the effects of rounding or because some patients were on multiple medications.
Table 5
Mean (SD) of groups, mean (SD) difference within groups, and overall effect size on physical activity outcomes. 65 (10) 60 (12) 64 (11) 62 (11) 63 (10) 63 (10) -1 (7) 1 (8) Table 6 Mean (SD) of groups, mean (SD) difference within groups, and overall effect size on physical fitness and anthropometry outcomes. 14. e Data presented are median (IQR), median change (IQR) and overall effect. f Data remained non-parametric after transformation so Friedmans' two-way analysis of variance by ranks is reported for the intervention group. g Data remained non-parametric after transformation so Friedmans' two-way analysis of variance by ranks is reported for the control group.
Research
needed. Future studies should also investigate the relative effects of different frequencies and durations of consultations, establish the optimal make up of follow-up sessions, and examine the effect of combining brief intervention for increasing PA with structured exercise classes. The feasibility and efficacy of a fully remote intervention (without face-to-face consultations) should be explored. Future studies should investigate the optimal timing for starting the intervention, and identify sub-groups that may be most amenable (or resistant) to this form of intervention. The efficacy of the intervention among individuals who are ambivalent or resistant to PA behaviour change remains to be ascertained. A full cost-benefit analysis of the intervention was not conducted, although community-based brief interventions to promote PA in the general population are cost-effective. 49 Because of the exploratory nature of this study, an a priori sample size calculation was not performed. Consequently, this study may have been underpowered, and a larger study is recommended to replicate the findings. Nevertheless, the trial demonstrated that the benefits accrued over the course of the intervention were sustained for 3 months; the longer-term effects of the intervention remain unknown. The cohort of participants recruited to this trial had relatively low BASFI scores; results may not be generalisable to individuals with more severe forms of AS, whose functional limitation may limit their ability to be physically active. In dealing with missing data, the imputation methods that were used may have introduced bias into the results by failing to account for the uncertainty due to the missing data. Another limitation was the lack of blinding of participants and therapists. However, a strength of this study was that over its 6-month duration there were just three dropouts. Missing data were deemed to be missing completely at random, and so unlikely to bias the data set.
In conclusion, this was the first study to implement a brief intervention targeting PA behaviour in a cohort of individuals with AS. The intervention led to significant increases in healthenhancing PA, improved spinal mobility and increased quality of life, compared to controls. These improvements were sustained for 3 months.
What is already known on this topic: Among people with ankylosing spondylitis, exercise improves physical function, mobility, disease activity and quality of life. The majority of people with ankylosing spondylitis do not participate in regular exercise. What this study adds: A brief intervention of counselling and goal setting to increase physical activity can be used repeatedly over 3 months to significantly improve physical activity, spinal mobility and quality of life in people with ankylosing spondylitis. These benefits appear to be maintained 3 months later. Tables 3 and 4 can be found online at doi:10.1016/j. jphys.2016.11.009
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